INTRODUCTION
Diabetes mellitus (DM) is one of the oldest diseases known to man. It was first reported in Egyptian manuscripts about 3000 years ago (1) . It is a clinical syndrome. Distinction between Type 1 and Type 2 DM was made in 1936. Type 1 diabetes (insulin dependent) is characterized by deficient insulin production while Type 2 diabetes (non insulin-dependent) is the most common form and is characterized by inappropriate hyperglycaemia due to deficiency of or resistance to insulin. Absolute or relative lack of insulin affects the metabolism of fat, protein, carbohydrate, water and electrolytes. The recommendations of the World Health Organization on the use of alternative medicines for treating diabetes provide an impetus for research in this area (2) .
The centre of attention of research in diabetes includes discovering newer antidiabetic agents and isolating the active compounds from herbal sources that have been recognized to have antidiabetic properties as have been described in ancient texts. A single herb has different actions on many diseases but each herb may have one dominating effect and other comparatively subsidiary effects. Each herbal drug can also have synergistic and antagonist effects in combination with other herbs (3) . Plant materials which are being used as traditional medicine for the treatment of diabetes are considered one of the good sources for a new drug or a lead to make a new drug. Plant extracts or different folk plant preparations are being prescribed by the traditional practitioners and also accepted by the users for diabetes like for any other disease in many countries. The current review focusses on some herbal plants used in the treatment of diabetes which is a major worldwide disease.
METHOD
A comprehensive online search of the English literature was conducted via electronic databases including MEDLINE, Embase, PubMed and Scopus. Different search terms were used such as Curcuma longa, Piper nigrum, Phoenix dactylifera, date seed, antihyperglycaemic agents, hypolipidaemic effect, Type 2 diabetes, and antioxidants. Appropriate articles were selected after using these terms. Finally, all the selected articles were confirmed for duplication.
RESULTS

Diabetes mellitus
According to the World Health Organization, diabetes is a chronic disease that occurs when the pancreas does not produce enough insulin or when the body cannot efficiently use the insulin it produces. It has emerged as an epidemic all over the world (4) . If it is not properly managed, it can lead to lifethreatening problems and premature deaths. Incidence of diabetes is 170% in developing countries as compared to 47% in developed countries. There are 366 million people affected with diabetes mellitus globally (5) and the number of people affected is expected to rise to 552 million worldwide. The International Diabetes Federation estimates that there are 6.7 million people living with diabetes in Pakistan and this number will rise to 12.8 million people by 2035. Some local studies have shown that, in children, risk for developing diabetes is high, not due to family history, but due to their lifestyle (6) .
In the allopathic system of medicine, the oral hypoglycaemic drugs used for Type 2 diabetes are sulfonylureas (tolbutamide, glibenclamide, chlorpropamide, glipizide, acetohexamide, gliclazide and tolazamide) and biguanides (phenformin and metformin). Some new drugs for Type 2 diabetes include glitazone (decrease insulin resistance by interaction with peroxisome proliferator-activated receptor involved in lipid metabolism) and repaglinides (stimulate insulin production at meal times). Sitagliptin, saxagliptin and vildagliptin (dipeptidyl peptidase-4 inhibitors) are effective in the treatment of Type 2 diabetes (7). In the late 1990s, glitazones were used in the treatment of diabetes. These synthetic hypoglycaemic drugs cause serious side effects: sulphonylureas cause skin rash, impaired renal and hepatic dysfunction; thiazolidinediones cause weight gain, oedema and increased risk of bladder cancer; biguanides/metformin cause sickness with alcohol, kidney complications, upset stomach, tiredness or dizziness and a metallic taste; α-glucosidase inhibitors cause abdominal bloating, flatulence and diarrhoea (8) . These associated problems require the search for better drugs derived from plants with fewer side effects. According to ethnobotanical information, about 800 plants possess antihyperglycaemic effect. On the other hand, few reports are accessible on the hypoglycaemic potential of combination of different herbal plants. Different herbal remedies, when used in combination, are more effective because their bioactive phytoconstituents impart synergic therapeutic potential and help the body to control possible adverse effects. Thus, it is better to use herbal combination instead of a single herb (9) .
In plants, several phytoconstituents, with different modes of action, have antidiabetic potential. There are some phytoconstituents with specific modes of action that decrease plasma glucose level. Pan et al reported that alkaloids inhibit α-glucosidase and reduce the glucose transport to the intestinal epithelium (10) . Imidazoline compounds stimulate insulin secretion, polysaccharides increase serum insulin level, flavonoids increase hepatic glucokinase activity, perhaps by enhancing insulin release from pancreatic islets, and significantly reduce the level of glucose, triglycerides and cholesterol, dietary fibres inhibit α-amylase activity and effectively absorb glucose and retard glucose diffusion (11). Ng et al documented that saponins -triterpenoid and steroidal glycosidestimulate the release of insulin and blocks the formation of glucose in the blood stream (12) . Experimental evidence reveals the involvement of free radicals in the pathogenesis and complications of diabetes. These radicals are able to damage cell proteins, lipids and DNA which alter the cell function. Antioxidants neutralize free radicals and are effective in preventing experimentally induced diabetes in animal models (13) . In diabetic patients, free radicals target the extracellular protein and, due to hyperglycaemia, modify them to glycoproteins. These modifications are associated with the development of diabetic complications. During diabetes, very low density lipoprotein (VLDL), low density lipoprotein (LDL), and high density lipoprotein (HDL) are produced due to oxidation of lipoproteins by free radicals. Oxidative stress in diabetic conditions enhances lipid peroxidation (14) .
Curcuma longa (turmeric)
Turmeric (Curcuma longa), belonging to the family Zingiberaceae, is extensively cultivated in China and India. The taxonomic classification is shown in Table 1 . It is valued due to its yellow colour and flavour. It is used for making curry powders in large quantities. Traditionally, rhizome of turmeric has been used in the form of expressed juice along with the fruit of Emblica officinalis (amla) for treating diabetes (15) .
Curcumin (structure shown in Table 2 ), an active ingredient isolated from C longa, has been shown to have hypoglycaemic, antioxidant and lipid lowering effects in experimental studies. Srinivisan and Sambaiah reported that curcumin has blood sugar lowering effect in diabetic individuals, but in that study only one diabetic patient was included (16).
Khaliq et al After that discovery, curcumin was used in various rodent models to investigate its hypoglycaemic activity. Different doses of curcumin for different days have been used to check its effects. Diabetes has been induced by alloxan and streptozotocin. Oral administration of various dosage of curcumin is used to control diabetes. In different studies, curcumin 80 mg/kg bodyweight for 21 days (17) and for 45 days were administered orally; they decreased blood glucose level, thiobarbituric acid reactive substance (TBRAS), oxidative stress and improved insulin sensitivity in hyperglycaemic rats, respectively (18). Arun and Nalini hypothesized that it may be due to decreased influx of glucose in the polyol pathway, in this manner increasing NADPH/NADP ratio and improving the activity of glucose peroxidase enzyme (17) .
According to Nishiyama et al, ethanolic extract of turmeric was more strongly hypoglycaemic and they suggested that turmeric component exhibited synergistic effects (19) . The oral dose of curcumin 60 mg/kg body weight for 14 days (20) and 90 mg/kg body weight for 15 days in hyperglycaemic rats were studied and they showed antidiabetic activity (21) . In another study which was conducted in 2011, a dose of 150 mg/kg body weight for 49 days in hyperglycaemic rats prevented body weight loss and decreased blood glucose level (22) . Different doses of curcumin for different days were used and they reduced the glucose level in diabetic rats for 56 days at 300 mg (23) and 100 mg for 30 days (24), seven weeks (25) and eight weeks (24) .
El-Moselhy et al, in their study, described that an oral dose of 80 mg of curcumin, given for 60 and 15 days to rats with induced Type 2 diabetes and high fat diet insulin resistance, had antidiabetic activity (26) , while another study conducted in 2012 reported that dietary curcumin was effective in controlling the increased levels of fasting blood glucose (27) .
The useful effect of curcumin has been suggested in diabetic dyslipidaemia, without varying the hyperglycaemic status in diabetic rats. A significant decline was indicated in blood cholesterol in curcumin-fed hyperglycaemic rats and this decrease was fully from LDL and VLDL fraction. It was also observed that serum triglycerides and phospholipids level were reduced significantly (28) . Curcumin also has an antioxidant property. In rat liver microsomes, it inhibits lipid peroxidation significantly. It also reduces the improved accumulation of advanced glycation end products (AGEs) and cross-linking of collagen in tail tendon and skin of hyperglycaemic animals, thereby preventing AGE-induced complications of diabetes. Curcumin improved wound repair in diabetic animals and could be developed as a pharmacologic agent in diabetic ulcers (29) . In diabetic nephropathy, excretion of larger amounts of higher molecular weight proteins and renal tubular enzymes takes place. It was observed that the hyperglycaemic animals fed on a curcumin diet reduced excretion of these proteins and urinary enzymes significantly than control diet fed rats (26) . In different studies, it was indicated that curcumin and turmeric delayed cataract in rats in streptozotocin-induced hyperglycaemia (28) .
Piper nigrum (black pepper)
Black pepper (Piper nigrum) belongs to the family Piperaceae and is a perennial plant producing berry-like and pungent fruit. Its active ingredient is piperine, structure shown in Table 2 . It is cultivated in many tropical regions but it still occurs wild in the mountains of Kerala state in India. It has more than 1000 species and is a widely used spice. It is valued for its distinct biting quality attributed to piperine and its isomers (30) .
Piperine has a hypoglycaemic effect in normal mice (31) . Oral administration of Piper longum dried fruits has shown significant anti-hyperglycaemic, antioxidant and antilipid peroxidative effects in hyperglycaemic rats (32) . In another study, Atal et al reported that piperine affects blood glucose level in alloxan-induced diabetic mice in acute and subacute study models. In the acute study, oral administrations of piperine were 10, 20 and 40 mg/kg body weight and resulted in a rise in blood glucose level at high dose, while in the subacute study, piperine was administered at 5, 10 and 20 mg/kg body weight and significantly decreased the glucose level (33) . There were no significant changes in serum free and total cholesterol and liver total cholesterol in rats fed a normal diet supplemented with 0.02%, 0.15%, 0.5%, 2.0%, and 5% pepper or 0.05% piperine or pepper oleoresin at 11%, 22% and 44% levels in the diet (34) for seven to eight weeks. In contrast, Cho and Lee reported that adding black pepper at 5% level in the diet of rats for eight weeks led to a significant increase in serum cholesterol. Dietary black pepper did not affect serum and liver cholesterol concentration and hepatic cholesterol-7a-hydroxylase, the rate-limiting enzyme in the conversion of cholesterol to bile acids (35) .
The link between free radical formation and complication of diabetes has been well established. Phenolics effectively prevent diabetes in animal models. Black pepper oil has radical scavenging and ferric reducing antioxidant abilities (36) . Oxidative stress is the major contributor of diabetes and piperine has antioxidant potential as documented in different studies. Vijayakumar et al reported in their study that intake of black pepper affects membrane lipid peroxidation, enzymatic and nonenzymatic antioxidants as well as oxidative stress in rats (37) . Treatment with P nigrum and V rosea once a day for four weeks in alloxan-induced diabetic rats effectively controls the blood glucose level as well as affects lipid level and antioxidant potential. Piper nigrum has more antioxidant potential as compared to Piper longum and Zingiber officinale. Serum lipid levels prominently increase during diabetes, due to insulin resistance and altered metabolic mechanism which is responsible for lipid accumulation. Nabi et al reported that aqueous extract of Piper longum roots at a dose of 200 mg/kg significantly reduced the level of glucose, triglycerides, total cholesterol, LDL-C, VLDL-C and serum enzymes (38) .
Phoenix dactylifera (date fruit)
Date fruit (Phoenix dactylifera) as a source of nutrition and because it is economical, has become important in some countries. Phoenix dactylifera is a monocotyledonous fruit tree that belongs to the Arecaceae family. World production of dates reached seven million tons in 2010; from this, around one million tons of date seeds are produced during this year [ Table 3 ] (39). Date seeds are considered as a waste product. In the date fruit, 11-18% of its weight comes from the seed. It is used in animal feeds or ground into smaller size and roasted to become a caffeine-free coffee substitute, used by the Arabs, whether plain or mixed with coffee. Date seed contains a significant amount of bioactive phenolics and dietary fibres (40) . In order to determine the functional properties of date seed, various studies have been carried out such as dietary treatment, phenolic acid composition and protein solubility. These studies show that date seeds can be a good source of dietary fibre, phenolic components and natural antioxidants.
El-Fouhil et al reported that oral administration of date seed extract combined with insulin has an antihyperglycaemic effect as compared to seed extract alone in streptozotocin-induced diabetic rats (41) . Date seed extract has the ability to protect against hepatotoxicity in rats. In another study, it was reported that date seed extract-insulin combination minimizes the toxic effects of diabetes on the liver and kidney of diabetic rats (42) . A dose of 10 mL date seed extract in combination with insulin causes an increase in endogenous insulin secretion in streptozotocin diabetic rats which might be the cause of its hypoglycaemic effect (43) . Halaby et al published in their study that oral administration of date pit fortified bread at 10% and 15% given to diabetic rats for 45 days results in a significant reduction in blood glucose level and improved serum lipid fraction as compared to the alloxanized control group (44) .
CONCLUSION
In conclusion, turmeric, black pepper and date seed decrease blood glucose level and have some useful effects on the complications of diabetes. There is a need to evaluate the pharmacological actions of these compounds involving humans to justify the use of active principles of these plants as hypoglycaemic agents. More laboratory work is needed to isolate the active compounds, their actions and toxicity for the treatment of diabetes, as oral hypoglycaemic agents having hypolipidaemic and antioxidant potential.
In the future, we will study the effect of ajwa (date) seed powder, turmeric and black pepper as hypoglycaemic agents in diabetic rats by comparing the histopathological and immunocytochemical parameters; we will compare and identify the changes and determine biomarkers of health status in diabetic rats. The expected outcome is that the combination of turmeric, black pepper and ajwa seed powder possesses significant antihyperglycaemic, antihyperlipidaemic activity in diabetic rats and might prevent hyperglycaemic-associated risk factors.
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